Abstract: It was found that 1,2-trifluoromethylation reactions of ketones, enones, and aldehydes were easily accomplished using the Prakash reagent in the presence of catalytic amounts of cesium carbonate, which represents an experimentally convenient, atom-economic process for this anionic trifluoromethylation of non-enolisable aldehydes and ketones.
Introduction
The challenge to generate organofluorine molecules featuring a trifluoromethyl motif at a carbon center has increasingly stimulated high interest both in academic and chemical industry research [1, 2] . In the past decades, trifluoromethylated compounds have received much attention because of their significant applications as important synthons, biologically active agents, and functional materials that exhibit specific and unique biological and physical features [3] [4] [5] [6] [7] [8] . Recent reports on the direct introduction of a trifluoromethyl group by electrophilic, nucleophilic, or radical processes have revealed the equally challenging approach of exploiting prochiral trifluoromethylated substrates [4, [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] . In addition, the chemoselective construction of trifluomethylated tertiary alcohols is undoubtedly one of the most fundamental topics in organofluorine chemistry and remains a highly useful process in organic transformations. For this purpose, a direct trifluoromethylation of carbonyl compounds, such as ketones, could be easily completed by nucleophilic addition of TMSCF 3 to give trifluomethylated alcohols in the presence of a fluoride catalyst or other Lewis bases, including phosphines, amines, TBD, sodium or lithium acetates, etc., which mediate the silicon-carbon cleavage of TMSCF 3 . Notably, since the first report of Prakash and Olah [23] concerning the trifluoromethylation of benzaldehyde to give organofluorine compounds bearing secondary hydroxyl groups in the presence of fluoride ion reagent there has been a lot of effort devoted to the development of this type of trifluoromethylation reaction, including asymmetric versions of such transformations [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] . In this regard, despite the fact that there are several successful synthetic methods in the case of the trifluoromethlytion reactions with TMSCF 3 , the introduction of commercially available, simple and cheap bases as catalyst precursors for the establishment of a highly efficient and practical trifluomethylation reaction and corresponding one-pot synthesis of trifluoromethylated silyl ethers is still a highly desirable synthetic methodology target.
As part of our continuing interest in the catalytic construction of organofluorine molecules [48] [49] [50] [51] , we wanted to investigate trifluomethylation reactions of structurally diverse ketones. To evaluate the feasibility of a simple and cheap base-promoted trifluoromethylation in the absence of fluoride reagents, such as tetrabutylammonium fluoride (TBAF), we conducted preliminary experiments on the trifluoromethylation of chalcone 1a with TMSCF 3 as a model reaction. In theory, there are two possible pathway for the trifluoromethylation of chalcone with TMSCF 3 : 1,2-addition and 1,4-conjugate addition [52, 53] , respectively, in which the chalcone could be converted into two different organofluorine compounds bearing trifluoromethylated groups (Scheme 1).
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Results and Discussion
Initially, we thought that cupric subcarbonate could be an effective catalyst in the trifluoromethylation of chalcone 1a with TMSCF3 because of the similarity of its copper center and basic carbonate, which could possibly lead to an asymmetric transformation. Unfortunately, cupric subcarbonate has no activity in DCM in this reaction (Table 1 , entry 1). Then we optimized the reaction conditions employing various bases to establish a possible copper-catalyzed trifluoro-methylation of chalcone with TMSCF3. After screening a variety of inorganic bases (Table 1 , entries 2-12), we found the use of KHF2, KOH, t-BuOK, or Cs2CO3 led to the formation of only product 2a in moderate yield (52-60%) without the formation of 1,4-adduct 3a. Interestingly, the trifluoro-methylated silyl ether 2a was obtained in high yield (94%) in the absence of cupric subcarbonate, which revealed Cs2CO3 was a highly active catalyst in this reaction (Entry 13). Under similar conditions, we found that fluorides and KOAc did not work well in term of the direct synthesis of trifluoromethylated silyl ethers (Entries 14-16 and 18). In addition, we found that K2CO3 gave an inferior yield (only 72% isolated yield of 2a) in this reaction, in comparison to that obtained with Cs2CO3 (Entry 17). Other catalysts, such as KOH and tBuOK, provided the desired product in 83% and 71% yield, respectively (Entries 19 and 20) .
In order to investigate or optimize the reactions, other solvents were examined. It seems that the trifluoromethylation of chalcone has a strong solvent effect. DCM was found to be suitable and the best solvent for this transformation in comparison with others (Table 2 , entries 2-9). Notably, when THF was used, although the trifluoromethylation of chalcone occurs smoothly to give high conversion, the chemoselectivity is not good because of the low ratio of silyl ethers 2a and desilylated 4a (Table 2 , entry 3, 2a/4a = 36/51). While DMF and DMA was used as solvent, the desilylated trifluoromethylcarbinol could be obtained as the solely product in good yields (Entries 10-11). Notably, the use of Cs2CO3 in CH2Cl2 gave the desired trifluoromethlyated silyl ether 2a without the formation of desilylated product 4a, which exhibited superior chemoselectivity than that in DMF/DMAc for this reaction.
With the optimized reaction conditions in hand (Table 2 , entry 1), we further examined the scope of the reaction, and the experimental results are summarized in Schemes 2 and 3, respectively. In the first part, we demonstrated the general applicability of the Cs2CO3 catalyst in the trifluoromethylation of more than 22 different chalcones (Scheme 2). The results showed that chalcones, including alkyl, aryl, halogen or other substituents on the phenyl moiety showed good to excellent conversion, affording the corresponding trifluoromethylated silyl ethers in high yields (Scheme 2). Moreover, heterocylic enones and alkyl enones were also suitable substrates in this reaction (Scheme 3). 
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Materials and Methods

General Information
All solvents were purified by standard method. All reagents were received from commercial sources (Aldrich, Shanghai, China; Alfa Aesar, Shanghai, China; TCI, Shanghai, China). NMR spectra were recorded on 500 MHz or 400 MHz spectrometers (Bruker, Shanghai, China). Chemical shifts (δ) are reported in ppm relative to the signal of an internal TMS standard (δ 0.0) Coupling constants (J) are in Hertz (Hz). The following abbreviations were used to explain the multiplicities: s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet, br = broad, Flash column chromatograph was carried out at medium pressure using 300-400 mesh silica gel (Qingdao Haiyang Chemical Co., Ltd., Qingdao, China). High-resolution mass spectrometry was performed on a JMS-700 MStation (FAB-MS and EI-MS, JEOL, Shanghai, China), 6520 Accurate Mass Q-TOFLC/MS (ESI-MS, Agilent, Shanghai, China) or EXACTIVE Plus (ESI-MS, Thermo Fisher Scientific, Shanghai, China) instrument.
Experimental Procedures
General Procedure for Cs 2 CO 3 -Catalyzed Addition of TMSCF 3 and Chalcone 1a (Scheme 5)
A solution of chalcone (1a, 0.1040 g, 0.5 mmol) and TMSCF 3 (0.1420 g, 1.0 mmol) in CH 2 Cl 2 (2.0 mL) and Cs 2 CO 3 (0.0325 g, 0.1 mmol) in a reaction tube were mixed. After stirring at r.t. overnight, once starting material was consumed (monitored by TLC), the mixture was purified by column chromatography (silica gel, petroleum ether/EtOAc = 50:1). 
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Characterization of Compounds 5a-5k
The spectral data of compounds 5a, 5b, 5c, 5d, 5e, 5g, 5h and 5i matched the reported data in all respects [42, 44, 45, 63] . All the 1 H-NMR and 13 C-NMR spectra of compounds 2a-2w and 5a-5k can be found in Supplementary Materials. CCDC 1487785 contains the supplementary crystallographic data for this paper. These data can be obtained free of charge via http://www.ccdc.cam.ac.uk/conts/retrieving. html (or from the CCDC, 12 Union Road, Cambridge CB2 1EZ, UK; Fax: +44 1223 336033; E-mail: deposit@ccdc.cam.ac.uk).
Conclusions
In summary, we have developed a simple and very efficient method for the synthesis of trifluoromethylated silyl ethers via the direct nucleophilic trifluoromethylation of ketones, enones, and aldehydes with TMS-CF 3 in the presence of catalytic amounts of Cs 2 CO 3 . The reaction features an experimentally convenient and atom-economic process for this anionic 1,2-trifluoromethylation. This work also provides a good example of carbonate ion as an active anion that can interact with silicon to promote the chemoselective cleavage of the silicon-carbon bond in TMSCF 3 , but is not effective in the desilylation of trifluoromethylated silyl ethers.
Supplementary Materials: Supplementary Materials are available online.
